partial purification of a swep hydrolyzing enzyme from Paecilomyces sp. by ammonium sulfate fractionation, gel filtration and DEAESephadex chromatography. The enzyme had the capacity to hydrolyze propanil other than swep, and there might be more than two enzymesthat decomposepropanil in this fungus. Some enzymatic properties of this enzymewere characterized such as pH optimum, metal requirement, inhibitor and substrate specificity.
One of the authors2'3) reported some enzymatic properties of an aryl acylamidase from Paecilomyces sp. HUT4017, and Yoshii et a/. 4) reported that an aryl acylamidase I from rice plant (Oryza sativa L.), having activity to hydrolyze propanil, was purified by affinity chromatography using a columnof Sepharoylaminocaproyl-3-chloroanilide.
The present paper deals with the purification of a swep hydrolase from Paecilomyces varioti AHU9254 by affinity chromatography using a column of Sepharoylaminocaproyl-3-chloroanilide. The enzyme appeared homogeneous on SDSdisc electrophoresis.
MATERIALS AND METHODS
Chemicals. l -Cyclohexyl-3-(2-morpholinoethyl)-carbodiimide (CMC) was purchased from Nakarai Chemical Co. was the products of Pharmacia Fine Chemicals Co. 3-Chloroaniline, 4-chloroaniline and 3,4-dichloroaniline were obtained from Tokyo Chemical Industry Co. Swep and propanil were kindly supplied by Hodogaya Chemical Co. and Nissan Chemical Co., respectively. Reference proteins used for molecular weight determination, catalase (bovine liver) and bovine serum albumin were purchased from Sigma Co., alcohol
GmbH, urease (Canavalia ensiformis) from Nagase Co., and ovalbumin from Nakarai Chemical Co. Cytochrome c (horse heart) was kindly supplied by Nikken Kagaku Co.
Culture of Paecilomyces varioti. Paecilomyces varioti Bainier AHU9254 used in the present study was kindly supplied by the Faculty of Agriculture, Hokkaido University.
f This work was presented at the Annual Meeting of Agricultural Chemical Society of Japan, Tokyo, 1979. Abbreviations: swep, methyl iV-(3,4-dichlorophenyl) To the mixture, 100fA of 10% ammonium sulfamate, 50 /A of 1 % naphtylethylendiamine (NED) and 300^1 of water were added. After standing for 20 min, the color density development was measured at 540nm with a Hitachi model 181 spectrophotometer. Thereaction mxiture at 0 minwasdesignated as blank. One unit of activity was defined as the amount of enzyme that liberated the hydrolysate corresponding to 1 /rniol of 3,4-dichloroaniline per min per ml of enzyme solution at 40°C.
Determination of protein concentration. The protein concentration was determined by the method of Lowry et al.6) using crystalline bovine serum albumin as a standard.
Preparation of affinity matrix. Five grams of CHSepharose washed with 0.5 mNaCl and deionized water was mixed with 24mg of CMC and 150mg of 3-, 4- chloroaniline, or 3,4-dichloroaniline in 20 ml of 50% 1,4-dioxane solution at pH 4.5, and left at room temperature, with gentle shaking for one day. After the reaction, the gel was washed successively with 1 m NaCl in 1% ofNaHCO3, deionized water, 1 n acetic acid and finally with deionized water and then stored in the cold room until use.
The procedures for estimating the amount of ligand coupled to CH-Sepharose was determined. A lyophilized substance of affinity matirx was hydrolyzed in 6 n HC1at 110°C for 24hr. After hydrolysis, the suspension was filtrated by passing through a Millipore filter, and the contents of the ligand in solution were determined by the diazocoupling method described previously. Sepharoylaminocaproyl-3-chloroanilide (Sepharose-CH-3-Clanilide), -4-chloroanilide (Sepharose-CH-4-Cl-anilide) and -3,4-dichloroanilide (Sepharose-CH-3,4-diCl-anilide) were found to contain 47.2 /miol of 3-chloroaniline, 36.6 /miol of 4-chloroaniline and 36.6 /miol of 3,4-dichloroaniline per g of dried gel, respectively.
Affinity chromatography. The crude enzyme solutions were chromatographed on a column (0.6x4cm) of
Sepharose-CH-3-Cl-anilide, -4-Cl-anilide, -3,4-diClanilide or CH-Sepharose, which had been equilibrated with 5 mMveronal-HCl buffer, pH 8.0, containing 1 mM2-mercaptoethanol. The column was washed with the starting buffer. The enzymes were eluted with 0.3 m NaCl in the starting buffer at a flow rate of 14.5ml per hr, and fractions of 1 ml were collected. Aliquots from each tube were measured for enzymatic activity and protein concentration.
Sodium dodecyl sulfate (SDS) urea polyaerylamide gel electrophoresis. The method of Wuand Bruening7) was used with 7.5% acrylamide at 2.5 mA/gel for 8 hr for disc gel electrophoresis of purified swep hydrolase. The following proteins served as standard marker proteins: bovine serum albumin (molecular weight M= 68,000), ovalbumin (M=45,000) and cytochrome c (M= 12,400).
Molecularweight determination. The molecular weight of the enzymewas determined using the molecular sieving according to the method of Andrews.8) The following proteins served as standard marker proteins: ureas (molecular weight M =480,000), catalase (M =240,000), alcohol dehydrogenase (M=150,000), serum albumin (M= 68,000), ovalbumin (M =45,000) and cytochrome c (M= 12,400). The void volume for the given column was determined as the elution volume of blue dextran.
Isoelectric focusing. The isoelectric point of the enzyme was determined by an isoelectric focusing apparatus according to the method of Vesterberg and Svenseen.9) LKB (Bomma,Sweden) amphorine of pH 3~10 range was used at 1% concentration with sucrose gradient. The focusing was continued for 21hr at 300V at 4°C. Fractions of 3.3ml were collected, and the pH was measured at 4°C.
RESULTS
Absorption of the swep hydrolase by affinity chroma tography
As shown in Fig. 1 , the enzymes hydrolyzing swep and propanil were adsorbed on the columns of Sepharose-CH-3-Cl-anilide, -4-C1-anilide, and -3,4-diCl-anilide, while they were not adsorbed on the CH-Sepharose column.
The enzymes adsorbed on the affinity columns were eluted with 0.3m NaCl in the starting Enzyme solution (160ml) was applied to a column (1.9 x 9cm) of Sepharose-CH-3-Cl-anilide which had been equilibrated with 5 mMveronal-HCl buffer, pH 8.0, containing 1 mM2-mercaptoethanol. After the column was washed with the same buffer, the enzyme was eluted with the starting buffer containing 0.25 m NaCl (I). The flow rate was 14ml per hr and fractions of 3ml were collected. eluted with the samebuffer at a flow rate of 14ml per hr, and 8 ml fractions were collected. A typical chromatographic pattern is shown in Fig. 3 . The second peak of protein coincided with that of an enzyme hydrolyzing both swep and propanil, which was termed swep hydrolase, and the third peak of protein showed enzyme activity to hydrolyze only propanil, which was named propanil hydrolase.
Fractions (tube numbers 30 to 34, in Fig. 3 ) containing the swep hydrolase were combined and were rechromatographed on a Sephadex G-200 column (3 x 65 cm) under the same conditions as those used in the first chromatography. The purified enzyme having activities to hydrolyze swep and propanil was eluted as a single peak which also corresponded to the protein peak.
The results of the purification procedures are summarized in Table I . The enzyme was purified about 120-fold by these procedures.
About 0.7 mgof enzymeprotein was obtained from 80 g ofmycelium, and the recovery of the activity was about 31 per cent.
Homogeneityand some properties of the swep hydro lase
The homogeneity of the purified swep hydrolase preparation was tested by SDS disc electrophoresis according to the methodof Wu and Bruening.7) The purified enzyme migrated The procedure is described in Materials and Methods. to the anode as a single band. The result is shown in Fig. 4 . The isoelectric focusing technique also indicated that the enzyme activities to hydrolyze swep and propanil were not separated from a single protein peak, as shown in Fig. 5 . The isoelectric point of the enzyme was pH 4.8.
The molecular weight of the enzyme was estimated by gel filtration to be 280,000, as shown in Fig. 6 . The molecular weight of the The conditions were the same as those used on obtaining the data in Fig. 4 . A, cytochrome c; B, ovalbumin; C, serum albumin; D, swep hydrolase.
enzyme subunit was estimated to be 70,000 by SDSdisc electrophoresis (Fig. 7) . This suggests the swep hydrolase from Paecilomyces varioti was a tetramer. Yoshii et al.4) reported that the aryl acylamidase I from Oryza sativa L. was adsorbed on the column of Sepharose-CH-3-Cl-anilide equilibrated with lO mMphosphate buffer, pH 8.0, containing 0.1% Triton X-100, and eluted with the starting buffer containing 1m NaCl and 1% Triton X-100. This enzyme was not eluted with 1m NaCl or 1% Triton X-100 in the starting buffer. One of the authors2'3) reported that the aryl acylamidase from Paecilomyces sp. HUT401 7 had the highest activity to hydrolyze propanil in comparison with from six species of Paecilomyces, but it had no activity to hydrolyze swep.
Endo et al1] reported the partially purification and some properties of the swep hydrolyzing enzyme from Paecilomyces sp. In their results, however, this enzyme neither corresponded to any protein peaks on the DEAE-Sephadex A-50 chromatography, nor was homogeneous on disc electrophoresis, and its molecular weight wasnot reported. In this report, the two enzymes, which were the swep hydrolase and the propanil hydrolase The molecular weight of the swep hydrolase and the propanil hydrolase was found to be 280,000 and 140,000, respectively. On substrate specificity of these enzymes, it could be concluded that the swep hydrolase and propanil hydrolase from Paecilomyces varioti belonged to the same kind as the swep hydrolyzing enzyme from Paecilomyces sp. reported by Endo et al.l) and as the aryl acylamidase from Paecilomyces sp. HUT4017 reported by Akatsuka et al., 3) respectively.
The substrate specificity of the swep hydrolase will be discussed in detail in a subsequent paper5) with its enzymatic properties.
